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SINNARY

This final report presents the result of research conducted
under the Jet Propulsion ".abor.torv's lontract No, NI-120420,
The objective of this contract was the evaluation of polymeric
moterials potentiall. :isal.le to construct -expulsion memuranes
for storeble liquid propellants such as nitrogen tetroxide and
hydrazine, The material studied was polyvinylidene fluoride
available as Kypar from cennsalt Cuemical Coumpany,

“he work of others has becn reviewed ;nd applied to this
study and the.aid of materials suppliers has ucen enlisted when-
ever possible, The stuly of polymers wss ueviated froo, in one
respect, when some aluwminu» laminates were prepared for a vried
evaluaticn at Jet P’ronulsion lahoratory,

The evaluation accomplisihed at the Schjeldanhl Coupany has
been hased on 1) preparation of film sanples from resins and
from resin dispersions and seolutions, 2) immersion tests in
storable propellants, tollowed Lv measuring physical propertiex
of tihe films and resins, 3) simple permeability tests, in all
tests comparison samples of other resin svstems were included,

WJork since the last formal report has centered around long-
term immersion studies and deteraining polyvinvlidene fluoride

film characteristics after orienting and stretching procedurcs,







CORCLUSIONS

1. The polyvinylidene fluoride polymer is unattached chemically

by 320 or Hydrszine., Swelling occurs with xzoq and some

4

bri-tleness develops on long contact with hydrazine.

2. Solition cast and extrusion were Jenonstroted for the pre-
nartion of tilu from polvvinylidene flucride. Sintering
0. -olid maverial bv a fluidized bed technique showed

lit:ie promise.

3. “he suitabilitv of usins infrared s»oectral analyi'sis for
estsblishing phyvsicel and chemical interaction between

prosellant and selected film was demonstrated,

4. '“he testing condncteld with polyvinylidene fluoride and |
Teflon FIP indicated promise for the former for use in
applications of intermittant exposure or where permea-
bilitv is not an impértant factor, Consideration should,
therefore, be given to its use in O-rings, gaskets, or

mollied parts.

5. Tvidence was obtained to indicate tﬁbt polvvinvlidene
fluoride films can be oriented by application of strain
at a proper temperature., 3Sensitivity of the material to
melt fracture and to temperature are sufficientiy great
to indicate that operation within very narrow limits will

be necessary.







6. The test methods were suitable for preliminary testing or
screening of materials but refinements are needed for
definition of lony-term behavior of material in contact

with storable propellants.

7. Studies of the effect of pronellunt on poiymer molding
powder in comparison with biaxiclly oriented film indicate
that the orientation process may reduce susceptibility to

attack several {ol...

Recommendstions:

It ic¢ recommendel that:

1. Polyvinylidene fluoride be considered for systems
involving Nzo“ where a relatively hard polymer with
some permeability is suitable. (Performance antici-
pated would be equivalent or superior to that of

Teflon FED)

2. Vinylidene fluoride be considered for use in cross-
linked polymer systems where resistance to N204
is important, (The absence of chemical attack and
the low order of swelling, point to an excellent
pgtential for reduced swelling. Conplete elimina-

tion of permeability is not to be anticipated.)







Vinylidene fluoride polymers be considered for use in
laminated systems where metals are employed to eliminate
permeability. (The resistonce of the few aluminum
laminates prepared with epoxy_adhesives under this

program indicates the effectiveness of metal barriers

£ N
or 204)'
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TECHNICA™, DISCUSSION

Through May 1961, work under the contract centered on a
brief review of the work of others in the area of storable
propellants compatability., Kynar, vinylidene fluoride, being
newly available and promising in preliminary experiments at
G. T. Schjeldahl Company was the subject of emphasis. The
potentia’ promised tlat vinylidene fluoride would be comparable
to Teflorn FEP in coupatability, suppliers technical product
development personnel werg interviewed to establish a justifica-
tion for the study of Kynsr as a propellant barrier material. (1)

Following this, a group of materials required for the
study was asssembled (cylinder X O“_ anhydrous liydrazine, and

a

apparatus), Initiail attempfs to prepare Kynar film samples
were made, Very thin £ilms (0.0005~-inch) were cast continu-
ously, heavier sections (0,001~ 0.003-inch) were cast in
small areas, and plaques (0.25-inch) were compression molded.
The greatest difficulties occured in preparing a uniform
plaque, and completely removing the high boiling-point solvents
and dispersants used in casting. These samples were, in several
ways, exposed to ﬁitrogen tetroxide énd hydrazine.

In the period covered by the second report (2) emphasis

was again placed on Kynar. Polypropylene, polycarbonate,

polyvinylidene chloride  polymer and polyethylene were included \

\
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in initia. imnersion tests for comparison. The polyethylene and
and polycarbonate were attacked on initial immersion in
propellant.s, the polycarbonate being completely decomposed.
Films of Vinyiidene fluoride, vinylidene chloride, and poly-

propylene were immersed and, on removal, tested for tensile

strength, inspectec Zur discolerction (indicating absorption)
and the infrared spectra recorded to. check for residual
solvents and for nitration of the polymer.

The polwvinvlidene fluoride f£ilms would discolor on immersion
but on exposure to air would lose tie color. o infrared absornp-
tion bands indicated nitration of the polymer. It was noted then
tnot the spectra indlcated residual solvents and dispersants. [t
wos assumed -that these residuals could have left material which
would reacily transmit tlhe nitrogen tetroxide, The polypropylene
was observed to suffer grester attacik on the molding pellets than
on the oriented film, After one week, an iafrared absorption
band indicated some nitration. A 2-oz Boston round bottle of
nitrogen tetroxide exuded the material through the wall after a
few days. Following this, simple permeation and longer-term
and higher tempersture immersion tests were run.

The third letter report (3) described simple permeation
testing ard some 150 F nitrogen tetroxide immersion tests in
addition to those already run. .t this time, the seemingly

delayed attack on blaxially-oriented film compared to polypropy-
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lene pellets was noted. Polyvinyl fluoride, polyvinyl chloride
copolymer, and polypropylene films and pellets were sealed into
glass tubes (15 mm tubes for roouw temperatﬁfe, 8 mm tubes for
150 F). nfter one to two days, the polypropyvlene pellets at
150 F deg:-aded enough to burst the sample tube. After two
to seven days, the biakially-oriented polypropylene film
samples birst the sample tube. (After roughly three months,
the polypropylene samples immersed at roon temperature burst
their sealed tubes.) Ihe vinylidene chloride copolvmer and
the vinylidene fluoride would regain original physical properties
within a day after being removed from the nitrogen tetroxide,
Simple permeability studies were made to compare the polyvinyli-
dene filr to Teflon FEP. The permeability is alwost equal to
that of Teflon FEP of similar thicknesses. The immersion and
permeability samples of Kynar were prepared from six pounds
of film extruded experimentally at the Panelyte Jivision of
St. Regis Paper Company at Richmond, Indiana. This eliminated
inconsistancies in the sample but it ailso in{ruduned the
problem of melt fractures in ;he f£ilm and very low tensile
strength and elongation in the transverse direction of the
film, |

loni-term exposures were then initiated for the poly-
vinylideae fluoride and the polyvinylidene chloride  polymer
in both hydrazine and Nzou sealed in tubes. These sealed

tubes have been maintained at room temperature for 13 months.
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burst the containing tube. The vinylidene chloride copolyvmer

For two months some small diameter tubes containing Nzou
and samples of Kynar and vinylidene chloride copolymer were held

at 150 T. <“orresponiinc samples of polypropylene film and resin

was degr:ded and becamne flaky when removed from the 150 F
immersion in NZOQ' The Kvnar f£ilm samples,.after being exposed
to air for three days-had tensile properties approximately the
same as control sample. The sample was bleached to a hazy
water-white material., {: was aonorent that in this case NZOQ
was absorbed in the film. Tlere was not any .ndication of
nitration »f the Kynar. Samples of room temperature immersion
in hydranine were yellowed and embrittled slightly after 13
months.

NRepeated sttempts were made to obtain biaxially oriented .
Kyner £i'm to evaluate the effect of orientution on permeability,
The Kynar film has poor Hot strength and all stretching took
place from a line of melt fracture. ITn the extruded film this
was alwavs in the machine direction. Within the Schjeldahl
Company, the stretching was attempted‘by drawing in one direction
in a frare in the tensile tester, drawing over a sphere (thermo-
forming) and by pressing between ho£ platens. Ilone of these

systems offered a suitable sample. The T, M. Long Company,

Summervilile, New Jersey offered to stretch limited samples.
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The film wasdescribed by them as being sensitive in one direction

and not lending itself to good stretching on the T. M. Long film
stretcher. For this reason, the stretched film samples were not

of a quality suitable for use as permeability test specimens.
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RESULTS OF TIST PROGRAMNS

The first phase of the work reéulted in confirmation of the
choice of Kynar as a potential material, The justification is
reviewed in the notes of the meeting with Dr, Barnhart of Pennsalt
Chemicals Corporation. Dr. Barnhart offered a great deal of infor-
mation on the handling properties and chemical nature of Kynar. A
review w.th Plastec (Yivatinney Arsenal) of an Aerojet General
report on the evaluution of elastomeric compounds for use with
storable propellants was not entirely applicable because it was
concernei more with brief exposure and intermittant service. \
This report did indicate that Teflon and hexamethylene diamine
Nylons «re potentially usable but that Teflon usefulness lay
in its ah»ility to degas easily what it had absorbed.

During the second phase, filins of polyvinylidene fluoride
were cast from Kynar dispersions and solutions, 1t was noted
that one could obsefve residusl solvent readily in the infrared
spectra of the films. A dispersion of powder in & 80/20 blend of
dimethylphthalate and !iisobutyl ketone offered some thixotropy
and could be considered to stop the running problem experienced
when con:inuous films were cast on the Schjeldahl laminator.
Phvsical properties of Kynar films prepared in this manner were
essentially the same as those published earlier.

initial immersion testing eliminated polycarbonate and vinyl
acetate., Polypropylene was later eliminated when higher temperatures

(150 F) were used. The spectrs of all material samples immersed

10







in NZO showed on absorption band at 1550 cm-1 which diminished with
4

time. This indicated that absorbed Nzou would be completely released

on degassing.

Tt was noted that biaxially oriented polvpropylene sheet was
less sensitive to :204 degradation than were polypropylene pellets.
After 1 week immersion, . permanent absorption baud at 1550 cm-
indicated nitration of polypropviene. Initial permeability tests
indicate¢ leakage rathier than permeability.,

In the third phuse of the study, immersion of samples in nitrogen
tetroxide was done at 150 ¥, Polypropylene pellets would break thg
sample-containing tube in less than 24 hours. Oriented polypropylene
film tool. 48 hours to burst tne tube. The Kynar film discolored,
indicating absoption. After brief exposure to air, the lynar films
regained original properties. The properties, if tested belore

degassing - could occur, were

Ultimate Tensile 73 7 of original
Ultimate Llongation 10 % of original
Color Green from original tan.

s sample polyvinylidene fluoride film prepared outside the
Schjeldaal Company showed leakage. The ﬁigh melt viscosity forced
open the extruded sheet die to three times original depth. Poor

hot strength was observed. Annealing of the sample did little to

diminish the effects of melt fracture at the extruder Jdie.

11







Experimental work has substantiated the difficulty of biaxially
orienting Kynar film. ilct stretching in a frame, in the tensile
tester, a1d by drawins over a Jone would not stretch the film
uniformlv. The T. M. Long Company also noted the poor hot strength
and the m2lt fracture problem.

Permeability measurements of Kynar film gave the following results:

Length of CTxposure Jescription of [ilm Permeability
(lirs) mé/(mil)(day)(atm)(in2)
L8 7-mil Kynav g5
100 7-mil Kynar 104
21 7-mil [ynar 120
21' | 5-mil Teflon FEP(Control) 95

Long-term (13 months) immersion of samples in 1\’,}04 and Nzﬁu

was carried out. After removal frow these conditions, the Jynar

S

film was bleached white by 1.0, and stained yeliow by the T H

274

2 4°

The hydrszine also made the film more brittle. UVolypropylene
was no longer of interest in higher temperature immersion as
reaction had already been shown to occur. The vinylidene

chloride copolymer was embrittled seriously by the N204.

12







t\
~.
a1dueg wWITd PIPNIIX] 4
autzrapAy]
. . P2I0T0ISTp 031 2ansodxo
eiep ON elep oN ‘patldTaqug wao3 Suwg

ejep oy

giep oy

AN

ejep oN

030933V 30N

eILp ON

Po32933V 30N

sutzeapi) o3
aansodxa jotay

+
y
|
!
it

315u213s 211sUd3
© uo 39933°

pasodwooag

“ ! 21313119 ou - uorjoeaa
° i , uoT3oral Axaa 'pa1o190 1e2TwaYyd
[EdTWaYdD -5Tp UeT3dL0a ou - paydeaIq
ou - paiioms 122TWaYd ‘oudlgos LI4N ut
posuduodag | ‘poqiosqy| awos ‘paqiosqy thoqavsqy syjuow ¢1
- B
399339 oy
Jusuewiad oy 03 oansodx
sanzdny N PaIojodsTI( syjuouw
UG poyausyy
TolN 03

pasodwoda(q

paaoioarI

Pa239933Vv 3JOoN

pO39333V 30N

P219933V 30N

2ansodxy joat1ag

o3ruoqaedd10g

23e300y 1AUTA

auatldoadd1og

ddd UoT13oaL

dPTIOIYD
auapT 14uTad1og

dT4VIL SL1ASTdU TVJUNID

¥opTaongg
duap1t1dutakiog







AT Y NS AT B 0 W R M T > PO Y T g e
IR R CalRRS v ST DS S I  rh 4
s p U..“H.Ctu:x?!r.g?

- —— —————— ———— P

NNOD ‘NIVMION ‘NOUVIOJIOD JIWIF-NIN¥Id FHL

S7a aon JOLVIIdO| w1 +z SSINYIDIHL . i N
. O LI RLERER 1961 ‘z 3snsny 31VQ w1ty 3SVYHd 52Jnd
M IITTPYIYT WY STIEITPUT muuﬁaaw.““w - Buty a9mo (, ot uotsiadsip so.uu ALRNG . _ ouuﬂas..uu:w 30 uosticduod
3 .
. _@m—m Inﬂn..duloddaluduﬁuxagj:.@ poano - oujy{ Jaddg | 31esUuag wirs euky . 3 1dWVS
U= _ :
o | 00T W SIS VWIY aN3o31 NIORO|™"ON WNYLD3ds
(SNOWDIW) HLONITIAYM
Gl 7l £l 4\ —_~ ol 6 8 m 9 S | 4
a4 WIS e N R DR == S o AU 2 )
\/.rdsf ) 3 %L\ /_M O_.
[ LICL LJ t -
\ 0L

I __ L w- ,\
\}A}a\rﬁ\ j N
| _

oV’

AN
[t
pe
™~ —
[y
K=
(@]
(Ve
av

J ! 9
0€Z3
- R
A o
B fcw. e
] pPand - —
q_u...b.. ._ﬁﬁ.._....~_ TIT 1T .»._... _, T T .-_._._.__._. T 7T ...q_q.ﬂ.ﬂqL..O.O
007/ 008 006 0001 WD 00¢1 000¢ 000E 000¥
T U | O “






SPECTRUM NO.
SAMPLE

NNOD ‘MIVMION ‘NOILVIOLHOD ¥3W1T-NINu3d IHL

———— ——————— e ———Y)
RIS O A EL (@ 1o 1 SSFINNDIHL ~
69 £1323dg o3 2aedwod ﬁmo.ﬂlomlx.ﬂzhwm.—.«qo - n!m.ﬂh'WW/\In_ l‘#omm;.mwimcamhosﬂﬁ jeam ¢
QONZ
| powsew 57 OZEl 0951 D gead| ~ioo T T933T 2urT p1ios "7 T T T e rdees ALIINd T 12330 auaiAdoadhiog
> 181393
~“On 303 uoy3diosqe a(q1ssog TuaBayf - outq uwsRoIE |l T T T N Tuisesazvoy J1AWYS
OINYWIY| T T T T TTTaNaoI| Tniraesaws NISIHO 1T x  ON WNYLDIdS

£l

(SNOEDIIW) HIONITIAVM

AR oznwu/.au.‘v._

/

oz e O e
i 1 A _, I S A =
i|“ | b m_ o —
_ m Y R ! —
...... TS S | Iy O B
| L SN | I B
B ,”\ S |3"i: W eg zZ
T [ 4“ 1 [ qu
R 7 T 1 =
. 1717 T Tl yood oma | { g,
—_— 7T 303 ye BT T 108 | Tl‘_ 09 “N
1 IS R N [ S 0
— _
. e o 1 g
\\T.)\,\ Y- x% \ 408~
1 N oo N/ SAVAN ywWr
—r< | [V V] A
J NN A VA N U OO S U N U N PN U U VU S R S B R _ o
- | R A1 - 1 B
- “PI.J, L 1e7 35.:0 1A “9_3 :onmw.m_. . A ) ,...!:'l.hll 0ol
T T T v | TTTrTT T 1 R e shd S S SN I BRSO S A A oy

LA
03061

000z

s







-
'SPECTRUM NO

SRR e T VR, SO T SIS A A 0 T M

. o . bk s

awardaseigdighsswe

.Z.ZOU ‘NIVMION ‘NOILVIOJIOD ¥IWII-NINY¥3Id IFHL

WY OLVIIdO| SSINDIHL = X
nowz peqiosqe |~ 1961 7 wmv J]Vv( JSYHd ..ma... X3T11qeauaad
?so] o3 pamoyle 3rduwes e w3 ALIYNd nsmz uj yjuow [ 1933@
m uo13d305qF 0SSt 20 001 ou il Teuky J1dWVS
=
M SAYVYWIY AN3 DI Vpredddera 3esuuad NIDIYO "ON WNY1LD3dS
(SNOYDIW) HIDONIIIAVM
Gl |4 el 4 { 0] 6 8 VA 9 G 14 £ oo
_‘T‘..,._.?._ Ea_vu,..(..f_ ' \k/‘ﬁ]/ﬁ \\ [ ¢ : )J-.M-“Up ,
— Jmu et N ot
_ 1Y i [ V4 N .
e | %
L/ 1\ ) .
Iy L o
/LY 5
b= —t 0e'R
W
/ ON.%
S Vars
é?\/\){ ﬁ’\/.\ .>4D< N .
g=acif]|
L AL N B R B AR B AL RULILE R | Nt Bt A NN DL T LAY SR ...._::_..:O.O.
0] Q0 008 006 000l ‘WD 0061 0002 000€ 000¥







References

Letter to . N. Porter - Jet Propulsion Laboratory, May 27, 1961
letter to R. N. Porter - Jet Provulsion Laboratory, August 4, 1961
Letter to R. N. Porter - Jet Prnpulsion Laboratory, November 3, 1961
Proposal to Jet Propul .ion Laboratory, February 6, 1961

Anonymous - Allied Chemical Company product bulletin
Nitrogen Tctrnxide

Anberg, L.0., Robinson, A.I'. - Ttinvlene-pronylene rubber
1 & EC 53 5(1961)

Bal.rige, John 1. - Neter . inina Conability of 712 tomers with
Liouid 'and Ga~ect: oc ettt rovellant , Jolit Aray, Lavy,
Alr Force Conferchav on Lla tome 'kevelopment and Research,
Oct. 1953

Barnhart, Ferren, Iserson - Polyv-inyvlidene Pluoride, Vol VII
Socicty of rla tic: Tuginuner , ANTEC Paper , Jan. 1961

Capron, Dikert, Robb - Polyviuyli-iene Fluoride, Society of
Plastics Engineers, ANTIC Paper , Jan. 1961

Liberto, Falph R. - Storable Propellant Data for Titan II
Program, Contract . AF OF (A11) 6077, Project 6753
Task 30252 AFFTC TR-60-62

Riebsomer, J.L. ~ The rcactions of Nitrogen Tetroxide with
Organic compounds. Allied Chemical Corporation







NOT REPRODUCIBLE

7-A






,:a‘., .

'-’GGUT;}_-JF RESEARCH PRODUCTS DEVELOPMENT DEPARTMENT

l uﬁiﬁirﬂ[:

TECKNICAL DlVlSlOi

TABLE I
PHYSICAL PROPERTIES OF KYNAR GRADE 18
Property Measurement Unit ASTM No.
Clarity transparent to
translucent
Melting point, crystalline ' 340 °F
Specific gravity 1.76 D792
Specific volume 15.7 in*/lb
Refractive index, nis 1.42 D542
Molding temperatures 400-550 °F
Mold shrinkage, average 0.020 in/in
Color possibilities » unlimited
Machining qualities excellent
Flammability self-extinguishing,
non-dripping
Tensile strength, 77°F 7000 psi D638
Tensile strength, 212°F 5000 psi D638
Elongation, 77° 300 percent D638
Elongation, 212°F 400 percent D638
Yield point, 77°F : 5500 psi D638
Yield point, 212°F 2500 psi D638
Creep, 2000 psi, 77°F, 10,000 hrs. 0.02 - in/in
See Figure 1
Compressive strength, 77°F 10,000 psi D695
Modulus of elasticity, 77°F
in tension 1.2x10° psi D638
in flexure 2.0x10* psi D790
in compression 1.2x10° psi D695
Izod impact, notched, 77°F 3.8 ft-Ib/in D256
Izod impact, unnotched, *’7°F 30 ft-Ib/in D256
Durometer hardness 80 Shore, D scale
Heat distortion temperature, 66 psi 300 °F ' D648
Heat distortion temperature, 264 psi 195 °F D648
Abrasion resistance, Tabo:
CS-17, 1% kg load . 17.6 mg/1000 cyc
Coefficient of sliding friction to steel 0.14-0.17
Thermochemical properties (estimated)
1/n (CH.CF,), - CH,CF.(g) aH?, +41.2 keal
1/n (CH.CF.). —» 2C+2HF(g) aHg,, -12.0 kcal
Thermal coefficient of linear expansion 8.5x10° 1/°F D696
See Figure 2
Thermal conductivity (Room temperature
to 325°F) 0. 14-0.11 BTU/hr-ft-°F
Specific heat 0.33 BTU/lb-°F
Thermal degradation temperature >600 °F
Low temperature embrittlement < -80 °F
Water absorption 0.04 percent D570
Moisture vapor permeabilicy 1.0 g/mil-24 hr-m2-atm
Radiation resistance (Co™) >300x10° roentgens







TABLE m
CHEMICAL RESISTANCE OF KYNAR

Tensile strength of 5 mil.film immersed for 30 days at 122°F. in
various chemical compounds. Unexposed control specimen tensile

strength is 7200 psi.

Chemical Tensile After
Compound Exposure (psi)

Chemical Tensile After
Compound Exposure (psi)

Acids: Sulfuric, fuming degraded
Sulfurie, 959 7100
Nitric, fuming 6300
Acetic, glacisl 5400
Hydrochloric 35% 7100
Sulfuric/hydrochloric
50/50 7300
Phosphoric 85% 7200
Formic 6800
Hydrofluoric 28% 6700
Monochloroacetic 5400
Bases: ‘Sodium hydroxide 509% 7200
Ammonium hydroxide 7200
Diethylamine 5500
Triethylamine 6400
n-Butylamine degraded
Aniline 5400
Monoethylaniline 5600
Pyridine 4900
Hydrazine hydrate 7200
Hydrazine . 5800
Unsymmetrical
dimethylhydrazine 4700
Organic n-Heptane 6500
Compounds: Isooctane 6000
Kerosene 7100
Benzene 5600
Toluene 5900
6

Organic Carbon tetrachloride 6700
Compounds:  Trichloroethylene 6700
(Contd.) Ethylene dibromide 6500
o-Dichlorobenzene 6200
Chlorofluoroalkanes 6900
(e.g. Isotron®113)
Ethanol 6000
Ethylene glycol 7100
Phenol 5700
Ethyl acetate 5000
Acetone partially dissolved
Acetophenone 5400
Acetaldehyde 5200
Benzaldehyde 5000
Furfural 5000
Dioxane 5200
Nitrobenzene 5000
Dimethylsulfoxide
partially dissolved
Dimethylacetamide
partially dissolved
Other Chlorine (dry, 77°F) 7000
Chemicals: Chlorine (wet) 7100

Bromine (dry, 77°F) 6700
Phosphorus oxychloride 4800
Dinitrogen tetroxide 6500

Hydrogen peroxide
(90%, 77°F) 5500

19
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